Objectives: Grapefruit-seed extract (GSE ® ) Citricidal ® has, in recent reports, been reported to be successful in combating a variety of common infectious agents. In our study, drops of concentrated grapefruit-seed extract were tested for antibacterial properties against a number of gram-positive and gram-negative organisms.
INTRODUCTION
A s bacterial species continue to develop resistance to a growing number of antibacterials, the interest in finding substances that can effectively support our beleaguered antibiotic arsenal has grown considerably. In patients with wounds susceptible to massive bacterial colonization, such as those encountered with severe thermal injury, the issue of bacterial resistance is of crucial importance (Lowbury, 1979) . Because of the enormous bacterial load present in these patients, effective antibacterials must be potent and wide-ranging in the variety of organisms they will inhibit. In addition, because of the ease with which bacteria develop tolerant strains, an ability that can ultimately lead to drug resistance, one of the mea-sures of effectiveness for any new substance claiming to have antibacterial properties must be its effectiveness against a variety of different bacterial biotypes. This is particularly true for antibacterials applied topically to large open wound areas, such as severely burned skin.
Grapefruit-seed extract (GSE ® ) Citricidal ® (BioChem Research, Lakeport, California) is one commercially available substance that has received some attention for possibly having antimicrobial properties. Testimonials from practicing physicians attest to this substance's effectiveness in treating a number of conditions resulting from infection, with its uses as a potent agent against Candida albicans receiving particular scrutiny (Gordon J, 1999) . Other claims of effectiveness for GSE include successful treatment for dermatologic conditions such as dermatitis, warts, and poison ivy (Nutriteam; Nutribiotic, Lakeport, CA, 1999) . GSE is made by first converting grapefruit seeds and pulp into an acidic liquid (Table 1) . This liquid is loaded with polyphenolic compounds, including quercitin, helperidin, campherol glycoside, neohelperidin, naringin, apigenin, rutinoside, poncirin, etc. The polyphenols themselves are unstable but are chemically converted into more stable substances that belong to a diverse class of products called quaternary ammonium compounds. Some quaternary compounds, benzethonium chloride and benzalkonium chloride, for example, are used industrially as antimicrobials, but are toxic to animal life. The B vitamin choline is also a quaternary compounds, but is nontoxic and even essential for maintaining healthy neurologic function and fat metabolism (Table 2 and Figs. 1 and 2). Our study was undertaken to provide scientific data to ascertain whether or not GSE would (1) exhibit antibacterial properties at all, (2) effectively eliminate a wide range of organisms and biotypes, and (3) compare favorably or unfavorably with currently demonstrated topical antibacterials. (MicroScan, 1991) .
METHODS AND MATERIALS
The bacteria were inoculated on 150-mm Mueller Hinton II agar plates, but before the plates were inoculated with the organisms, a sterile 6-mm biopsy punch was used to create seven wells in each plate. Each Mueller-Hinton plate was inoculated with a single identified bacterial isolate, and each well was filled with one of seven topical antimicrobials currently employed in the treatment of burns: (Heggers et al., 1990 All plates were incubated at 36°C for 20 to 22 hours, and the diameter of the zone of inhibition around each well was then measured to determine the antibacterial effectiveness of each of the individual agents. Using a metric ruler, measurements were taken of the diameter of the zones of inhibition from the point at which the bacteria began to grow on one side of the well, in a straight line across the center of the well, to the point at which the bacteria began to grow on the other side. Bearing in mind that the reported measurements of nongrowth include the 6 mm of space initially cleared in the agar by the biopsy punch to make the well, an inhibitory zone diameter of 10 mm or more was recognized as a positive result (Heggers et al., 1990) . To ascertain the cause of the zone of precipitation exhibited by the GSE compound, a variety of quaternary compounds (benzethonium and benzalkonium chloride) were introduced into the 6-mm agar wells and incubated overnight at 35°C.
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RESULTS/DISCUSSION
The GSE showed a remarkable consistency in its action against a wide range of organisms. Of the 67 biotypes tested, all 67 (100%) were susceptible to the GSE, with no zone of inhibition of less than 15 mm reported. Both grampositive and gram-negative organisms were effectively managed by the GSE, with the various strains of staphylococci and enterococci (n 5 46) averaging the greatest susceptibilities (Staphylococcus aureus, 24 mm; S. epidermidis , 26 mm; S. haemolyticus, 22 mm) (Table 3) . Among the gram-negatives (n 5 60) notoriously resistant Pseudomonas aeruginosa also gave evidence of being susceptible to the GSE, although the measured zones of inhibition from the Pseudomonas biotype isolates were among the lowest of any of the tested organisms, averaging 16 mm (Table 4) .
Figures 3 and 4 are representative of a grampositive and a gram-negative organisms response (S. aureus and P. aeruginosa, respectively).
One curious finding in our study was the presence of a discolored zone around the GSE well in every plate. Given the fact that some of the plates had an additional inhibitory area outside the pale zone while others did not, it might be reasonable to suggest that this ubiquitous discolorization is the result of some kind of precipitating reaction with the combination of constituents in GSE with the agar components, particularly the phenobic compounds. In some cases (Pseudomonas , for example), the discolored zone was the only area around the GSE well that showed no bacterial growth (Figs. 3  and 4) . In those instances, the determination as to whether it is something in the GSE itself, or rather some byproduct of the GSEs reacting with the chemical substances in the agar; that is affecting the bacteria is less clear; results of 15-or 16-mm zones of inhibition should be interpreted with this reservation in mind.
A possible explanation for the GSEs lethality to bacteria may lie in its relatively low pH (Table 3) . We measured the pH of the GSE to be 5.5, and this acidic property could be crucial in establishing an environment prohibitory to bacterial life (and may also play a role in creating the discolored zones mentioned above). The quaternary compounds caused what appeared to be precipitation of magnesium and sodium salts present in the media, a characteristic of phenolic compounds. It is a well-established fact that the quaternary compounds are profound antimicrobial agents often used as compounds of sterilization of sharp instruments (Kolmer, et al, 1951 ; United States. Navy Dept. Bureau of Medicine and Surgery, 1953) .
Under these experimental conditions, the GSE compared favorably to the topical an-REAGOR ET AL. 328   FIG. 2 . High-performance liquid chromatography (HPLC) of flavonoids in grapefruit-seed extract (GSE) using column Flan 06. Retention number 1 at 0.000 is Eriocitrin, 0.00 ppm; 2 at 17.000 is Naritrutin 960.27 ppm; 3 at 19.250 is Naringin, 15016.58 ppm; 4 at 21.266 is Hesperidin, 614.48 ppm; 5 at 0.000 is Neohesperidin, 0.00 ppm (By permission from Bio/Chem Research, Data file Flav 28706a, Lakeport, CA). tibacterials. Against S. aureus, for example, the GSE created a wider zone of inhibition (24 mm) than did Silvadene (20 mm), and SilvadeneNystatin (16 mm), but was not as effective as Sulfamylon (33 mm), Bactroban (37 mm), or Nitrofurazone (33 mm) (Table 3) . Against P. aeruginosa, the GSE zone of inhibition (16 mm) was wider than that of Bactroban (12 mm), and Nitrofurazone (9 mm), and smaller than that of the Silvadene (18 mm), the Sulfamylon (34 mm), and Silvadene-Nystatin (17 mm) (Table  4) .
Uniquely the antimicrobial effects of NaOCl (Test well 3) was negligible. This was because of the fact that its potency lasts only 24 hours and we failed to introduce a new solution during each test sequence (data not shown).
What these preliminary results indicate is that GSE has bactericidal effects against a wide range of both gram-positive and gram-negative organisms, and, judging from its comparison against proven topical antibacterials, may hold some promise as a topical antibacterial agent. Whether or not these experimental results have any meaningful medical application awaits further in vivo studies, but the scientific data gathered in this study suggest that it is conceivable. Currently studies are underway to determine the in vitro effectiveness and potential toxicity of GSE and at what dilution it remains effective and at what concentration does it remain antibacterial and non-toxic (Heggers et al., 1991) .
CONCLUSIONS
Our results indicate that GSE has bactericidal effects against a wide range of gram-positive and gram-negative organisms. Under these experimental conditions, the effectiveness of GSE compares favorably to that of proven topical antibacterials. Whether or not these experimental results have any meaningful medical application awaits further in vivo studies, but the scientific data gathered in this study suggest that it is conceivable. 
FIG. 4.
Representative of Pseudomonas aeruginosa susceptibility to the known antimicrobials compared to grapefruit-seed extract (GSE) (center well). Zone of precipitation devoid of bacterial growth represented by the arrow. Antimicrobials beginning with top well and going from left to right are (1) Silvadene; (2) Sulfamylon; (3) NaOCl; (4) Bactroban; (5) Nitrofurazone; (6) Silvadene/Nystatin.
